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(54) RATE CONVERSION DEVICE AND IMAGE-PICKUP DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily convert a clock frequency, in response 
to plural types of computers or video devices which are set at different clock 
frequency levels by using a rate conversion means which converts the clock 
frequency of a digital signal into a lower level. 

SOLUTION: A rate converter 32, which converts the clock frequency in a rate 
conversion device 31 is programmed to an FPGA(field programmable gate 
array) 33. A sampling A/D conversion circuit 40 of the device 31 is set to 
perform the sampling at a fixed sampling frequency level which is almost 
equal to the highest operating clock frequency, set previously at a circuit that 
is programmed to the FPGA 33 in response to the operating clock frequency 
of an imager 38. In such a constitution, a circuit, which operates at the 
operating clock frequency lower than the highest operating clock frequency 
that is previously set, can be freely programmed to the FPGA 33. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The rate inverter characterized by to have a rate conversion means 
change the clock frequency of the above-mentioned digital signal which is 
programmed with the above-mentioned circuit by an anaiog-to-digiiai- 
conversion means sample the inputted analog signal with the predetermined 
sampling frequency set up beforehand, and change it into a digital signal in 
the rate inverter which changes the clock frequency of a digital signal, and the 
field-programmable gate array by which a predetermined circuit is 
programmed from the outside, and is acquired from the above-mentioned 
analog-to-digital-conversion means into a clock frequency low than the clock 
frequency concerned. 

[Claim 2] The above-mentioned analog-to-digital-conversion means is a rate 



inverter according to claim 1 characterized by being set as the value as the 
value of the maximum actuation clock frequency to which the above- 
mentioned circuit programmed by the above-mentioned field-programmable 
gate array was set beforehand with the almost same above-mentioned 
sampling frequency. 

[Claim 3] The rate inverter according to claim 1 which carries out the 
description of having a digital-to-analog-conversion means to change into an 
analog signal by sampling the above-mentioned digital signal acquired from a 
rate conversion means to change into a predetermined clock frequency higher 
than the clock frequency concerned the clock frequency of the above- 
mentioned digital signal which is programmed by the above-mentioned field- 
programmable gate array, and is acquired from the above-mentioned rate 
conversion means, and the above-mentioned rate conversion means with the 
sampling frequency set up beforehand. 

[Claim 4] The image pick-up optical system which picturizes a photographic 
subject, and the image sensor changed into an analog signal in response to 
the image pick-up light obtained from the above-mentioned image pick-up 
optical system, An analog-to-digital-conversion means to change into a digital 
signal the analog signal acquired from the above-mentioned image sensor by 
sampling with the sampling frequency of the almost same value as the value 
of the maximum actuation clock frequency of the above-mentioned image 
sensor, It is programmed with the above-mentioned circuit by the field- 
programmable gate array by which a predetermined circuit is programmed 
from the outside. Image pick-up equipment characterized by having a rate 
conversion means to change into a clock frequency lower than the clock 
frequency concerned the clock frequency of the above-mentioned digital 
signal acquired from the above-mentioned analog-to-digital-conversion means. 
[Claim 5] The above-mentioned digital-signal-processing circuit is image pick- 
up equipment according to claim 4 with which the value of the maximum 
actuation clock frequency is beforehand characterized by being set as the 
almost same value as the value of the above-mentioned sampling frequency. 
[Claim 6] Image pick-up equipment according to claim 4 characterized by to 
have a digital-to-analog-conversion means change into an analog signal by 



sampling the above-mentioned digital signal acquired from a rate conversion 
means change into a predetermined clock frequency higher than the clock 
frequency concerned the clock frequency of the above-mentioned digital 
signal which is programmed by the above-mentioned field-programmable gate 
array, and is acquired from the above-mentioned rate conversion means, and 
the above-mentioned rate conversion means with the sampling frequency set 
up beforehand. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Table of Contents] This invention is explained in order of the following. 
[0002] The technical field Prior art to which invention belongs ( drawing 13 
and drawing 14 ) 

Technical-problem The means for solving a technical problem which invention 
tends to solve ( drawing 1 - drawing 12 ) 

The 1st example of a gestalt (1) of implementation of invention ( drawing 1 - 
drawing 7 ) 

(2) The 2nd example ( drawing 8 and drawing 9 ) 

(3) Other examples ( drawing 10 and drawing 12 ) 
Effect of the invention [0003] 

[Field of the Invention] This invention is applied to the digital video camera 
with which the rate inverter which changes the clock frequency of a digital 
video signal, and the rate inverter concerned were formed, concerning a rate 
inverter and image pick-up equipment, and is suitable. 
[0004] 

[Description of the Prior Art] The NTSC (National Television System 
Committee) method conventionally standardized as a colour television system 
for every country or area in the digital video camera, A PAL (Phase 



Alternating by Line) method, A SECAM (Sequential Memoire Color Television 
System) method, The HDTV (High Definition Television) method or the ATV 
(Advanced Television) method is applied. It is set as the value from which the 
clock frequency of a digital video signal therefore differs in the class of colour 
television system applied, respectively. 

[0005] By the way, intermediary ******** which uses for a computer or video 
equipment the digital video signal acquired from a digital video camera with 
the spread of multimedia in recent years in many cases. 
[0006] However, with such a computer and video equipment, it may be set as 
the value of the clock frequency of the digital video signal with which the value 
of the clock frequency of the digital video signal incorporated inside was 
beforehand set up in the digital video camera, and a different value. For this 
reason, the request which forms a rate inverter in the digital video camera 
concerned so that the value of the clock frequency of the digital video signal 
generated in that interior may be made to change and output to the value of 
the clock frequency set up beforehand with a computer or video equipment 
from a digital video camera recently is high pine **********. 
[0007] As shown in drawing 13 here, in such a digital video camera 1, the 
image pick-up output signal S1 corresponding to the visual field image which 
receives the image pick-up light LA 1 which comes from a photographic 
subject in the image sensor (this is hereafter called an imager) 5 which acts 
as the connoisseur of the lens 3 of the lens block section 2 and the iris 4 one 
by one, for example, becomes by CCD (Charge Coupled Device) about them, 
and includes a photographic subject image is given to the analog signal 
processing section 6. 

[0008] After extracting a signal part by carrying out the correlation duplex 
sampling of the inputted image pick-up output signal S1 through 
CDS(Correlated Double Sampling)6A in the analog signal processing section 
6, While gain control is carried out so that it may have predetermined gain 
through AGC(Automatic Gain Control)6B, and compressing the dynamic 
range through a knee / pregamma6C after this After amending so that it may 
become predetermined gamma characteristics, more than the maximum 
frequency band to the threshold frequency of the clock frequency of an imager 



(CCD) 5 of operation is further cut through low pass filter 6D. Generating of 
distortion is prevented by the analog / digital conversion circuit (A/D) 7 by 
return [ output signal / S2 / which is acquired in this way / image pick-up ], and 
it changes into the digital video signal S3, and sends out to the digital-signal- 
processing section 8. In the digital-signal-processing section 8, in the camera 
signal amendment processing circuit 9, gamma amendment, level balance 
amendment with white and black, amendment of the ununiformity of 
brightness, pixel defective amendment, etc. are performed to the digital video 
signal S3, and digital video signal S4 obtained in this way is sent out to the 
rate inverter 10. Incidentally memory 9A is prepared in the camera digital 
disposal circuit 9, and the data for gamma amendment etc. are beforehand 
stored in concerned memory 9A. 

[0009] The rate inverter 10 changes [ rise-rate-] or changes [ down-rate-] the 
clock frequency of digital video signal S4 so that it may become the clock 
frequency beforehand set up by computer etc., and the same clock frequency, 
and it sends out the digital video signal S5 from which the clock frequency 
obtained in this way was changed to the video encoder 11. 
[0010] It is outputted outside, using it as the analog video signal S7 through 
the digital to analog circuit (D/A) 13 and a low pass filter (LPF) 14 one by one 
while outputting it outside through an interface (l/F) 12, after the video 
encoder 11 encodes the digital video signal S5. 

[0011] Incidentally, while a system controller 15 controls the digital-signal- 
processing section 8 based on the control from the outside, the mechanical 
component 16 concerned controls the focus and iris of the lens block 2 by the 
digital video camera 1 by controlling a mechanical component 16. Moreover, 
in this digital video camera 1, the timing controller 17 generates the timing 
signal S10 synchronized with synchronizing signal S9 obtained from the 
exterior, and sends this out to the digital-signal-processing section 8 and an 
imager 5. The digital-signal-processing section 8 and an imager 5 operate in 
this way synchronizing with the timing of the timing signal S10 inputted, 
respectively. 

[0012] The digital video camera 1 is made in this way as [ output / value / the 
value of the clock frequency of digital video signal S4 according to the colour 



television system mentioned above, for example is changed into the value of 
the clock frequency set up by computer, and ]. 

[0013] As shown in drawing 14 here, the rate inverter 10 The 1st or 2nd 
register 21 or 22 is prepared in either the input side of the transformation 
digital low pass filter 20, or an output side at the time of a multiplier. Usually, 
the clock frequency fa before the timing control circuit 23 changing, Based on 
the clock frequency fb after conversion, it reaches transformation digital low 
pass filter 20 at the time of a multiplier, corresponding to clock of operation 
respectively the [ 22 / the 1st or 2nd register 21 or ] 1- by generating and 
sending out the 3rd control signal S15-S17 of operation It is made as [ change 
/ therefore / at the time of the multiplier concerned / at a clock frequency fb / 
into the transformation digital low pass filter 20 and the 1st or 2nd register 21, 
or 22 / the clock frequency fa of digital video signal S4 ]. 
[0014] In addition, the rate inverter 10 is set according to the degree of the 
sharpness of the edge of the image (namely, image according to the digital 
video signal S6 outputted from the digital video camera 1) which a user 
desires to either the register front-end mold rate inverter with which the 1st 
register 21 was formed in the input side of the transformation digital low pass 
filter 20 at the time of a multiplier, or the register postposing mold rate inverter 
with which the 2nd register 22 was formed in the output side of the 
transformation digital low pass filter 20 at the time of the multiplier concerned. 
[0015] 

[Problem(s) to be Solved by the Invention] By the way, in the digital video 
camera 1 of this configuration, it is made by fixing the conversion ratio 
beforehand set up in the rate inverter 10 as [ supply / only to a specific 
computer or video equipment / the digital video signal S5 ]. 
[0016] That is, such a digital video camera 1 cannot supply the digital video 
signal S5 to the computer or video equipment which are two or more kinds 
from which the value of the set-up clock frequency differs, respectively easily. 
For this reason, the problem which must purchase two or more digital video 
cameras which have the rate inverter with which the respectively same setup 
as a setup of each computer or the clock frequency of video equipment was 
made when it was considered that the user who owns the digital video camera 



1 supplies the digital video signal S5 to such various computers or video 
equipment is ******. 

[0017] Moreover, in order that a setup of a clock frequency may supply the 
digital video signal S5 to various computers different, respectively and video 
equipment, respectively, it is possible [ it ] to form two or more rate inverters 
set as a conversion ratio which is different inside the digital video camera 1 
concerned, respectively with such a digital video camera 1. However, the 
problem to which the circuitry of the digital video camera 1 interior becomes 
complicated in this case is ******. This invention was made in consideration of 
the above point, and tends to propose the rate inverter and image pick-up 
equipment which can change a clock frequency easily, corresponding 
respectively to two or more kinds of computers and video equipment which 
were set as a different clock frequency. 
[0018] 

[Means for Solving the Problem] It is programmed with the circuit concerned 
by an analog-to-digital-conversion means to sample the inputted analog signal 
with the predetermined sampling frequency set up beforehand, and to change 
it into a digital signal in a rate inverter in the 1st Invention in order to solve this 
technical problem, and the field-programmable gate array by which a 
predetermined circuit is programmed from the outside, and a rate conversion 
means changed into a clock frequency lower than the clock frequency 
concerned the clock frequency of the digital signal acquired from an analog- 
to-digital-conversion means was established. 

[0019] Moreover, the image sensor changed into an analog signal in response 
to the image pick-up light obtained from the image pick-up optical system 
which picturizes a photographic subject, and image pick-up optical system in 
the 2nd invention, An analog-to-digital-conversion means to change into a 
digital signal the analog signal acquired from an image sensor by sampling 
with the sampling frequency of the almost same value as the value of the 
maximum actuation clock frequency of an image sensor, It is programmed 
with the circuit concerned by the field-programmable gate array by which a 
predetermined circuit is programmed from the outside. A rate conversion 
means to change into a clock frequency lower than the clock frequency 



concerned the clock frequency of the digital signal acquired from an analog- 
to-digital-conversion means was established. 

[0020] Therefore, in the 1st invention, sample an analog signal with the 
predetermined sampling frequency set up beforehand for an analog-to-digital- 
conversion means, and it is changed into a digital signal at it. For the rate 
conversion means programmed by the field-programmable gate array with the 
predetermined circuit from the exterior, therefore By having changed into the 
clock frequency lower than the clock frequency concerned the clock frequency 
of the digital signal acquired from an analog-to-digital-conversion means A 
circuit which operates with the clock frequency of operation below the 
maximum actuation clock frequency to a field-programmable gate array is 
freely programmable. The degree of freedom of a design of a field- 
programmable gate array can be raised by this, and a rate conversion means 
by which a clock frequency can be changed corresponding respectively to two 
or more kinds of computers and video equipment which were set as a 
different clock frequency can be programmed easily. 

[0021] Moreover, in the 2nd invention, therefore in response to the fact that 
the image pick-up light obtained from image pick-up, optical system, it 
changes into an image sensor at an analog signal. It changes into a digital 
signal by therefore sampling the analog signal concerned for an analog-to- 
digital-conversion means with the sampling frequency of the almost same 
value as the value of the maximum actuation clock frequency of an image 
sensor. For the rate conversion means programmed by the field- 
programmable gate array with the predetermined circuit from the exterior, 
therefore By having changed into the clock frequency lower than the clock 
frequency concerned the clock frequency of the digital signal acquired from an 
analog-to-digital-conversion means The degree of freedom of a design of a 
field-programmable gate array is raised. To the field-programmable gate array 
concerned A rate conversion means by which a clock frequency can be 
changed corresponding respectively to the various computers and video 
equipment which were set as a different clock frequency is easily 
programmable. 
[0022] 



[Embodiment of the Invention] About a drawing, one example of this invention 
is explained in full detail below. 

[0023] (1) In 1st example drawing 1 , 30 shows the digital video camera by the 
1st example as a whole, and the 1st rate transducer 32 which changes a 
clock frequency in the rate inverter 31 is programmed by the field- 
programmable gate array (this is hereafter called FPGA) 33, and it is prepared. 
[0024] in this case, the image pick-up light LA 2 which comes from a 
photographic subject in the digital video camera 30 - the lens 36 of the lens 
block section 35, and an iris 37 - one by one -- a connoisseur - carrying out - 
- for example, - The image pick-up output signal S20 corresponding to the 
visual field image which receives in the imager 38 which becomes by CCD for 
HDTV which operates with the clock frequency of 74.25 [MHz] extent, and 
includes a photographic subject image is given to the analog signal 
processing section 39. 

[0025] After extracting a signal part by carrying out the correlation duplex 
sampling of the inputted image pick-up output signal S20 through CDS39A in 
the analog signal processing section 39, While gain control is carried out so 
that it may have predetermined gain through AGC39B, and compressing the 
dynamic range through a knee / pregamma39C after this Amend so that it 
may become predetermined gamma characteristics, and more than the 
maximum frequency band (for example, 37 [MHz] extent) to the threshold 
frequency of the clock frequency of an imager (CCD) 38 of operation is further 
cut through low pass filter 39D after this. The image pick-up output signal S21 
acquired in this way is sent out to the sampling analog / digital conversion 
circuit 40 of the rate inverter 31 (sampling A/D). 

[0026] In this case, the sampling analog / digital conversion circuit 40 is set up 
so that it may sample according to the clock frequency of an imager (CCD) 38 
of operation with the sampling frequency of the almost same immobilization 
as the maximum actuation clock frequency (this 1st example 74.25 [MHz] 
extent) beforehand set as the circuit programmed by latter FPGA33. It is 
made as [ program / a circuit which operates by this with the predetermined 
clock frequency of operation below the maximum actuation clock frequency 
beforehand set as FPGA33 / freely ]. 



[0027] A sampling analog / digital conversion circuit 40 is about the inputted 
image pick-up output signal S21 . It samples with the sampling frequency of 
74.25 [MHz] extent, and the digital video signal S22 acquired in this way is 
sent out to the 1st rate converter 32 of the digital-signal-processing section 41 
programmed by FPGA33. 

[0028] The 1st rate transducer 32 is the inputted digital video signal S22. 
Down rate conversion of the clock frequency which becomes with 74.25 [MHz] 
extent is carried out at the clock frequency of same 18 [MHz] extent as the 
clock frequency of operation in the digital-signal-processing section 41 
concerned which was set up beforehand and which becomes, for example 
with 18 [MHz] extent, and the digital video signal S23 of the clock frequency 
which becomes with obtained 18 [MHz] extent concerned is sent out to the 
camera signal amendment processing circuit 42. 

[0029] The camera signal amendment processing circuit 42 performs gamma 
amendment, level balance amendment with white and black, amendment of 
the ununiformity of brightness, pixel defective amendment, etc. to the inputted 
digital video signal S23, encodes the digital video signal S24 acquired in this 
way through the video encoder 43, and sends it out to the 2nd and 3rd rate 
converters 44 and 45, respectively. 

[0030] First, the 2nd rate transducer 44 carries out down rate conversion of 
the clock frequency which becomes with 18 [MHz] extent of the inputted 
digital video signal S24 at the clock frequency of 13.5 [MHz] extent of D1 
specification, and sends out the digital video signal S25 of the clock frequency 
which becomes with 13.5 [MHz] extent obtained in this way here to video 
equipments (not shown), such as for example, a digital video tape recorder 
connected through an interface 46. 

[0031] moreover, the 3rd rate transducer 45 was beforehand set up by 
workstation (not shown) etc. in the clock frequency which becomes with 18 
[MHz] extent of the inputted digital video signal S24 -- for example - Rise rate 
conversion is carried out at the clock frequency of 135 [MHz] extent, and it is 
obtained in this way. The digital video signal S26 of the clock frequency which 
becomes with 135 [MHz] extent is sent out to the sampling digital to analog 
circuit (sampling D/A) 47. 



[0032] When the 3rd rate converter 45 carries out rise rate conversion, the 
sampling digital to analog circuit 47 is set up so that it may sample with the 
sampling frequency of the almost same immobilization as the maximum clock 
frequency (this 1st example 135 [MHz] extent) set up beforehand. Moreover, 
by carrying out rise rate conversion of the clock frequency below the 
maximum clock frequency to which the 3rd rate converter 45 was set 
beforehand, it is made as [ program / a circuit which operates below with the 
maximum clock frequency to FPGA33 / freely ]. 

[0033] the analog video signal with which the sampling digital to analog circuit 
47 is supplied to the exterior of FPGA33 was set up beforehand - for example 
-- Digital video signal S26 which is set up so that it may sample with the 
sampling frequency of the same value as the value of the maximum clock 
frequency of 135 [MHz] extent, and was inputted It samples with the sampling 
frequency of 135 [MHz] extent, changes into the analog video signal S27, and 
sends out to a low pass filter 48. 

[0034] A low pass filter 48 cuts more than the maximum frequency band (67.5 
[MHz] extent) to the threshold frequency of the maximum clock frequency 
beforehand set as the 3rd rate converter 45, and is made as [ send / to a 
workstation / it / in this way ]. 

[0035] In such a digital video camera 30, as for FPGA33, a circuit is 
programmed here based on the external programming signal S30 acquired 
from a personal computer (not shown) through the personal computer 
interface (personal computer l/F) 49 which has a buffer. 
[0036] In this case, in FPGA33, while the system controller 50 and the timing 
generator 51 are also programmed in addition to the digital-signal-processing 
section 41 and the system controller 50 concerned controls the digital-signal- 
processing section 41 based on the control from the outside, the mechanical 
component 52 concerned controls the focus and iris of the lens block 35 by 
controlling a mechanical component 52. 

[0037] Moreover, in FPGA33, the timing controller 51 generates the timing 
signal S32 synchronized with the synchronizing signal S31 obtained from the 
exterior, and sends this out to the digital-signal-processing section 41 and an 
imager 38. The digital-signal-processing section 41 and an imager 38 operate 



in this way synchronizing with the timing of the timing signal S32 inputted, 
respectively. Incidentally the memory 53 which becomes by RAM (Random 
Access Memory), ROM (Read Only Memory), etc. is formed in FPGA33, and 
the memory 53 concerned is used for digital signal processing if needed. 
[0038] As shown in drawing 2 here, when programmed by FPGA33, the 
reprogramming of the 1st rate converter 32 of the rate inverter 31 is carried 
out if needed, and it is made as [ change / circuitry ]. 

[0039] therefore, in such 1st rate converter 32 The 1st or 2nd programmable 
register 61 or 62 is prepared in either the input side of the transformation 
digital low pass filter 60, or an output side at the time of a programmable 
multiplier. Furthermore, the programmable timing control circuit 63 The clock 
frequency fc before conversion of the digital video signal S22, corresponding 
to each clock of operation based on clock frequency fd after conversion time 
of programmable multiplier the [ 62 / the transformation digital low pass filter 
60 and 1st, or 2nd programmable register 61 or ] 1- the 3rd control signal 
S35-S37 of operation is generated and sent out. It is made as [ change / by 
this / into a clock frequency fd / the clock frequency fc of the digital video 
signal S22 ]. It is constituted like the 1st rate converter 32 which also 
mentioned above the 2nd and 3rd rate converters 44 and 45 incidentally 
programmed by FPGA33. 

[0040] here - the 1- the principle of conversion of the clock frequency 
performed by the 3rd rate converter 32 and 44 lists in 45 is shown in drawing 
3 (A) - drawing 4 (D). 

[0041] That is, in the rise rate conversion which changes into the clock 
frequency fg higher than the clock frequency fe concerned the clock 
frequency fe of the digital video signal inputted first, "zero" data are inserted in 
the part used as the sample takeoff point of the clock frequency fg after 
conversion to the digital video signal ( drawing 3 (A)) of the clock frequency fe 
before conversion, respectively, and it is the degree type (1) of this and the 
clock frequency fg after conversion about the clock frequency fe before the 
conversion concerned. 
[0042] 
[Equation 1] 



] 



[0043] It comes out, and with the clock frequency fo of the least common 
multiple which is expressed, it excess re-samples and rise rate conversion is 
carried out ( drawing 3 (B)). 

[0044] The frequency component ( drawing 4 (A)) which this had repeated 
with the clock frequency fe before conversion of a digital video signal comes 
( drawing 4 (B)) to repeat frequency characteristics with the clock frequency fo 
of the least common multiple as it is. 

[0045] subsequently, a sampling theorem - being based - the clock 
frequency fo of the least common multiple — almost — the thing of the clock 
frequency fg after changing between half clock frequencies which distortion 
will produce by return in the clock frequency fg after the conversion concerned 
if there is a half frequency component mostly -- the clock frequency fg after 
this conversion » more than a half frequency component is mostly oppressed 
with a low pass filter ( drawing 3 (C) and drawing 4 (C)). 
[0046] Then, by thinning out so that it may leave the re-sampling point 
according to the clock frequency fg after conversion from two or more excess 
re-sampled re-sampling points, and performing a sampling, in this way, the 
maximum maintenance of the frequency characteristics can be carried out, 
and rise rate conversion of the digital video signal can be carried out ( drawing 
3 (D) and drawing 4 (D)). 

[0047] When excess re-sampling the clock frequency fe before conversion by 

rise rate conversion incidentally with the clock frequency fo of the least 

common multiple of this and the clock frequency fg after conversion, it is a 

degree type (2) about the scale factor Ko of the excess re-sampling 

concerned. 

[0048] 

[Equation 2] 



[0049] While being able to express, when coming out, thinning out to each 
sampling point and performing a sampling, it is a degree type (3) about the 



scale factor Ks of the infanticide concerned. 

[0050] 

[Equation 3] 



[0051] The conversion scale factor [ in / in this way / it can come out and 
express and / rise rate conversion ] K is a degree type (4). 
[0052] 
[Equation 4] 

■nn- 1 
[0053] It can come out and express. 

[0054] moreover, in the down rate conversion changed into a clock frequency 
lower than the clock frequency concerned, the clock frequency of the digital 
video signal inputted While processing like the case of the rise rate 
conversion shown in drawing 3 (C) from drawing 3 (A) mentioned above Then, 
by thinning out so that it may leave the re-sampling point according to the 
clock frequency after conversion from two or more excess re-sampled re- 
sampling points, and performing a sampling In this way, the maximum 
maintenance of the frequency characteristics can be carried out, and down 
rate conversion of the digital video signal can be carried out. 
[0055] in addition, the 1- by omitting an excess re-sampling in fact in 45 in the 
3rd rate transducer 32 and 44 lists, the multiplier of "zero" insertion part in the 
excess re-sampling concerned is omitted, and it is made as [ perform / make it 
synchronize with the clock frequency after changing the dock of the 
transformation digital low pass filter 60 of operation at the time of a 
programmable multiplier, and / rise rate conversion or down rate conversion ]. 
That is, it is made like rise convertible or down rate convertible [ the clock 
frequency before the conversion concerned ] (at the time of a multiplier 
strange processing) by interpolating between each sampling point of the clock 
frequency before conversion in this case, as multiplier change count of an 
excess re-sampling scale-factor Ko time is repeated, incidentally -- this case - 
the 1- 45 becomes the rate transducer from which the so-called multiplier 



change of an excess re-sampling scale-factor Ko time changes periodically at 
the 3rd rate transducer 32 and 44 lists. 

[0056] here - the 1- 45 in the 3rd rate converter 32 and 44 lists The number 
of taps of a register is selected according to the degree of the sharpness of 
the edge of the image (namely, image according to the digital video signal 
S25 outputted from the digital video camera 30) which a user desires, 
respectively. When there are comparatively few taps concerned, the 1st 
programmable register 61 is selected and it becomes a register front-end 
mold rate transducer, and when there are comparatively many taps 
concerned, the 2nd programmable register 62 is selected, and it becomes a 
register postposing mold rate transducer. 

[0057] As shown in drawing 5 here, the 1st programmable register 61 
prepared in a register front-end mold rate transducer After giving 
predetermined time difference to the digital video signal S22 inputted based 
on the 2nd control signal S36 of operation inputted into every two or more 
delay circuit (Reg) 65A which constitutes a shift register - 65E from the 
programmable timing control circuit 63, respectively The output digital signal 
S40 is generated by carrying out the multiplication of the filter factor K1 
corresponding to every two or more multiplier 66A - 66E - the K5, respectively, 
and carrying out addition composition of the multiplication result concerned in 
an adder 67. 

[0058] incidentally, at the time of rise rate conversion, based on the 2nd 
control signal S36 of operation inputted, respectively, each delay circuits 65A- 
65E carry out predetermined time maintenance, and send out the digital video 
signal S22 intermittently with the 1st programmable register 61 -- it is 
controlled like (count from which it thinned [ count ] out from the excess re- 
sampling scale factor Ko, and the scale factor Ks was subtracted among one 
period). Moreover, at the time of down rate conversion, it is controlled by the 
1st programmable register 61 so that each delay circuits 65A-65E fast forward 
the digital video signal S22 based on the 2nd control signal S36 of operation 
inputted, respectively. 

[0059] As shown in drawing 6 , moreover, the 2nd programmable register 62 
prepared in a register postposing mold rate transducer After carrying out the 



multiplication of the filter factor K1 corresponding to every two or more 
multiplier 68A - 68E - the K5 to the digital video signal S22 inputted, 
respectively By giving predetermined time difference based on the 3rd control 
signal S37 of operation into which the multiplication result concerned is 
inputted by every two or more delay circuit 69A - 69E from the programmable 
timing control circuit 63, respectively, and therefore carrying out addition 
composition at two or more adders 70A-70D It is made as [ send / the digital 
video signal S23 from which the clock frequency was changed ]. 
[0060] setting the filter factor corresponding to each multipliers 68A-68E as a 
predetermined number at one plurality which comes out comparatively and 
contains "zero" data, respectively, and giving redundancy in such 
[ incidentally ] 2nd programmable register 62, at the time of rise rate 
conversion, - being concerned - it is made as [ carry out / rise rate 
conversion ]. 

[0061] Therefore in the above configuration, the circuit of FPGA33 is 
programmed with the digital video camera 30 by the external personal 
computer connected to FPGA33 concerned. 

[0062] Namely, when a user operates a personal computer and starts 
predetermined circuit programming software in this case The personal 
computer concerned starts the programming procedure RT 1 of FPGA33 
shown in drawing 7 , and progresses to a step SP 2 from a step SP 1 . The 
keyboard formed in the personal computer by the user in the step SP 2 
concerned is minded. The conversion ratio of the clock frequency in the 
input/output of the 1st rate converter 32 (and or 2nd [ the ] and the 3rd rate 
converter 44 and 45) of the rate inverter 31 is inputted. 
[0063] Subsequently, a personal computer progresses to a step SP 3, and 
desired tap data are inputted by the user according to the degree of the 
sharpness of the edge of an image among the tap data from 1 to the 1st rate 
converter 32 (and or 2nd [ the ] and the 3rd rate converter 44 and 45) to 9 set 
up beforehand. In this case, by the 1-9 concerned, the actual number of taps 
carries out proportionally [ sequential ], and tap data are set up, while the 
predetermined number of taps like the number of taps of two pieces is 
beforehand set up as opposed to 1 . 



[0064] Then, it judges that a personal computer first has comparatively few 
taps corresponding to the tap data inputted in the step SP 5 which will 
continue if it judges whether 1-4 were inputted by the user as tap data and an 
affirmation result is obtained first in a step SP 4, and a register front-end mold 
rate converter is selected by selecting the 1st programmable register 61 . 
[0065] On the other hand, a personal computer selects a register postposing 
mold rate converter in a step SP 4 by judging that there are comparatively 
many taps to the tap data concerned in the step SP 6 which will continue if a 
negative result is obtained, and selecting the 2nd programmable register 62. 
[0066] A personal computer determines a multiplier in the continuing step SP 
7 based on the conversion ratio inputted as the selected register front-end 
mold rate transducer or register postposing mold rate transducer, and the 
number of taps after this. 

[0067] Subsequently, a personal computer progresses to a step SP 8, 
generates the predetermined programming signal S30 according to a register 
front-end mold rate transducer or a register postposing mold rate transducer, 
a conversion ratio, the number of taps, and a multiplier, and programs 45 at 
the rate transducer 32 and 44 lists based on the programming signal S30 to 
FPGA33 concerned by sending out the generated programming signal S30 
concerned to FPGA33 of the digital video camera 30. A personal computer 
ends the programming procedure RT 1 of FPGA33 in the continuing step SP 
9 in this way. 

[0068] therefore - such -- carrying out -- FPGA33 of the digital video camera 
30 -- the 1- by having programmed 45 in the 3rd rate transducer 33 and 44 
lists, various colour television systems, such as NTSC system and a PAL 
system, etc. can output the digital video signals S25 and S27 of the clock 
frequency corresponding to the computer and video equipment which were 
applied, respectively from one set of the digital video camera 30, respectively, 
and the user-friendliness to the digital video camera 30 concerned can be 
raised. 

[0069] in addition - this digital video camera 30 - the need - responding -- 
the 1- it is not necessary to prepare two or more kinds of rate converters 
beforehand, and the circuitry of the digital video camera 30 can be simplified 



in this way by the ability changing that conversion ratio etc. and programming 
45 in the 3rd rate converter 32 and 44 lists. 

[0070] Moreover, while forming the sampling analog / digital conversion circuit 
40 of the rate inverter 31 sampled with the maximum actuation clock 
frequency set up beforehand and the sampling frequency of the same value in 
the input-side exterior of FPGA33 in the digital video camera 30 By having 
programmed the 1st rate converter 32 which can carry out down rate 
conversion of the maximum actuation clock frequency and the same clock 
frequency inside the input side of FPGA33 concerned A circuit which operates 
with the clock frequency of operation below the maximum actuation clock 
frequency to FPGA33 concerned is freely programmable. Therefore, the 
degree of freedom of a design of FPGA33 can be raised, and the rate 
converter which can change a clock frequency, corresponding respectively to 
two or more kinds of computers and video equipment which were set as a 
different clock frequency in this way can be programmed easily. 
[0071] in addition, in the digital video camera 30 While establishing the 
sampling digital to analog circuit 47 sampled with the sampling frequency of a 
predetermined value higher than the maximum actuation clock frequency set 
up beforehand in the output side exterior of FPGA33 By having formed the 
3rd rate converter 45 which can carry out rise rate conversion of the clock 
frequency of a value lower than this maximum actuation clock frequency in 
the interior of the output side of FPGA33 concerned A circuit which operates 
with the clock frequency of operation below the maximum actuation clock 
frequency to FPGA33 concerned is freely programmable. Power consumption 
can be reduced while being able to reduce processing addition of the signai in 
FPGA33 sharply by this. 

[0072] The sampling analog / digital conversion circuit 40 sampled with the 
sampling frequency of the value same according to the above configuration as 
the maximum actuation clock frequency to which FPGA33 concerned 
prepared in the input-side exterior of FPGA33 was set beforehand, By having 
formed the rate inverter 31 which consists of the 1st rate converter 32 which 
can carry out down rate conversion of the clock frequency of the same value 
as the maximum actuation clock frequency programmed inside the input side 



of FPGA33 The degree of freedom of a design of FPGA33 can be raised, and 
the rate converter which can change a clock frequency, corresponding 
respectively to two or more kinds of computers and video equipment which 
were set as a different clock frequency can be made to program easily. The 
rate inverter which can change a clock frequency easily, corresponding 
respectively to two or more kinds of computers and video equipment which 
were set as a different clock frequency in this way is realizable. 
[0073] Moreover, the sampling analog / digital conversion circuit 40 which 
samples the image pick-up output signal S21 with the sampling frequency of 
the almost same value as the value of the maximum actuation clock 
frequency beforehand set up in FPGA33, and changes it into the digital video 
signal S22, By having formed the 1st rate converter 32 which was 
programmed by FPGA33 concerned and which carries out down rate 
conversion of the clock frequency of the digital video signal S22 The rate 
converter which can change a clock frequency, corresponding respectively to 
the various computers and video equipment which were set as a clock 
frequency which the degree of freedom of a design of FPGA33 is raised, and 
is different in FPGA33 concerned can be made to program easily. The image 
pick-up equipment which can change a clock frequency easily, corresponding 
respectively to two or more kinds of computers and video equipment which 
were set as a different clock frequency in this way is realizable. 
[0074] (2) FPGA71 by which the same rate inverter (not shown) as the rate 
converter which showed the personal computer 70 by the 2nd example, and 
was shown in drawing 2 in the 1st example was programmed is carried in a 
personal computer add-in board, and 2nd example drawing 6 is prepared, in 
this case, in a personal computer 70, FPGA71 is programmed based on 
control of a microcomputer 72 and a co-processor 73. 
[0075] When FPGA71 is first programmed by the circuit program designed 
beforehand here, a circuit program is supplied through an expansion bus 75 
from a memory card 74, and, thereby, FPGA71 concerned is programmed. 
Moreover, when FPGA71 is programmed based on circuit programming 
software, it is supplied from the outboard recorder 77 which the circuit 
programming software concerned becomes with the internal-organs type hard 



disk drive (HDD) 76, a bird disk drive, etc., or the network device 78. 
[0076] In this case, after the circuit programming software supplied, 
respectively has displayed those contents on the monitor 79, desired 
programming data are made by mouse 80 grade, the programming data 
concerned are supplied to FPGA71 through an expansion bus 75, and 
FPGA71 is programmed in this way. 

[0077] The rate inverter which has a desired conversion ratio is formed in 
FPGA71 programmed by doing in this way here, and the clock frequency of 
the digital video signal S50 according to the animation with which the rate 
inverter concerned is obtained from the 1st video equipment 81 is changed 
into the clock frequency beforehand set up with the 2nd video equipment 82, 
and it is made as [ supply / to the 2nd video equipment 82 / the digital video 
signal S51 acquired in this way ]. 

[0078] Moreover, in FPGA71, when supplying the digital video signal S53 
according to a still picture, while making an internal memory 83 supply and 
memorize the digital video signal S53 concerned through an expansion bus 
75, internal-organs-type a hard disk drive 76 and external storage 77 are 
made to memorize, and it is made as [ carry out / through a network / further / 
a remote transfer]. 

[0079] As shown in drawing 9 in practice, programming data are supplied to 
the rate converter 86 through an expansion bus 75 and the bus interface 
circuit 85 one by one, a conversion ratio etc. is changed if needed in this way, 
and, as for FPGA71, the rate inverter 86 is programmed. Moreover, while the 
digital video signal S60 is inputted through the digital input interface 87, 
through an analog / digital conversion circuit 88, the analog video signai S61 
is changed into the digital video signal S62, and is inputted into this rate 
inverter 86. In addition, at this time, the clock synchronization detection 
generation circuit 89 extracts a clock frequency from the digital video signal 
S60 and the analog video signal S61, respectively, and sends out the clock 
frequency concerned and the clock frequency which synchronized to the rate 
inverter 86. 

[0080] The temporary memory 90 which memorizes various data or is used as 
FURUDO memory is used for the rate inverter 86 if needed by this. And it is 



based on the synchronizing signal obtained from the clock synchronization 
detection generation circuit 89 and the clock synchronous circuit 92, 
respectively. The clock frequency of the inputted digital video signals S60 and 
S62 is rise-rate-changed or down rate changed. While outputting the digital 
signal S63 acquired in this way through the digital input interface circuitry 93, 
it is made as [ output / it / it changes into an analog signal through the digital 
to analog circuit 94, and ]. 

[0081] Various functions can be added without stopping at the specification 
which could program itself the rate inverter 86 which fulfills the property of a 
request of a user based on the circuit programming software concerned by 
forming FPGA71 by which the rate inverter 86 is programmed in a personal 
computer 70 in the above configuration as a personal computer add-in board, 
and supplying circuit programming software, and was beforehand set as the 
rate inverter 86 in this way. Thereby, the user-friendliness of the rate inverter 
86 can be raised. Therefore, such a rate inverter 86 may improve versatility 
further compared with the 1st example. 

[0082] According to the above configuration, the rate inverter which can raise 
the user-friendliness of the rate inverter 86 concerned, and may improve 
versatility in this way is realizable by having programmed the rate inverter 86 
which fulfills the property for which a user asks based on circuit programming 
software to FPGA71 prepared in the personal computer add-in board of a 
personal computer 70. 

[0083] (3) In other example, in addition 1st above-mentioned example 
Although the case where FPGA33 was programmed based on the 
predetermined programming signal S30 which connects the digiiai video 
camera 30 and a personal computer, and is acquired from the personal 
computer concerned was described As this invention is shown not only in this 
but in drawing 10 You may make it send out the digital video signal S25 
outputted from the digital video camera 30 concerned as connected 
predetermined video equipment 101 to the digital video camera 30 connected 
to the personal computer 100 to video equipment 101. Thereby, the versatility 
of the digital video camera 30 can be raised. 

[0084] moreover, the 1st above-mentioned example -- setting - FPGA33 - 



the 1-, although the case where three rate converters of 45 were programmed 
was stated to the 3rd rate converter 33 and 44 lists While this invention 
programs three or less pieces or three rate converters or more not only this 
but if needed, you may make it also program the location of programming in 
various locations in addition to this like between the camera signal 
amendment processing circuit 42 and the video encoder 43. 
[0085] Although the case where the sampling frequency of a sampling analog 
/ digital conversion circuit 31 , and the sampling digital to analog circuit 47 was 
fixed was described, this invention sets up not only this but predetermined 
maximum beforehand, and you may make it make it it carry out adjustable in 
the 1st further above-mentioned example in the range which does not exceed 
the set-up maximum concerned. 

[0086] In the 1st further above-mentioned example, the clock frequency of the 
digital video signal therefore acquired by rate conversion 13.5 [MHz] extent of 
D1 specification, It was set up by workstation. Although the case where it was 
made to become 135 [MHz] extent and 18 [MHz] extent was described 27 
[MHz] extent to which this invention was set by EDTVII irrespective of the 
clock frequency of the digital video signal of not only this but the digital-signal- 
processing section 41 interior, and the clock frequency of the digital video 
signal outputted, You may make it change into the value of various clock 
frequencies in addition to this like the various clock frequencies set up with 
various colour television systems set up by progressive, such as 36 [MHz] 
extent and ATV. 

[0087] Although the case where a system controller 50 and a timing generator 
51 were programmed to FPGA33 in addition to the digitai-signai-processing 
section 41 was described, you may make it select this invention freely in the 
1st further above-mentioned example according to the function for which the 
circuit element programmed not only to this but to FPGA33 is needed. 
[0088] The circuit shown in drawing 9 is programmed to FPGA71, and 
although the case where FPGA71 concerned was formed in a personal 
computer add-in board was described, you may make it this invention form 
not only this but FPGA71 in the circuit board generally in the 2nd further 
above-mentioned example. In addition, you may make it add the processing 



software memory 1 13 which sends out the programming data which changed 
into the external control-interface circuit 112 into which the rate inverter 1 1 1 is 
made to input the exterior to the programming signal S70, and the 
programming signal S70 concerned in the circuit programmed to FPGA110, 
and were memorized beforehand to the rate inverter 1 1 1, as shown in 
drawing 11 in this case. Moreover, it connects with the 1st video equipment 
115, the 2nd video equipment 116, and a personal computer 117, and you 
may make it use the circuit board in which such FPGA1 10 was formed, as 
shown in drawing 12 . 
[0089] 

[Effect of the Invention] An analog-to-digital-conversion means to sample the 
inputted analog signal with the predetermined sampling frequency set up 
beforehand, and to change it into a digital signal according to this invention as 
mentioned above, It is programmed by the field-programmable gate array with 
a predetermined circuit from the exterior. By having established a rate 
conversion means to change into a clock frequency lower than the clock 
frequency concerned the clock frequency of the digital signal acquired from an 
analog-to-digital-conversion means A circuit which operates with the clock 
frequency of operation below the maximum actuation clock frequency to a 
field-programmable gate array is freely programmable. The degree of freedom 
of a design of a field-programmable gate array is raised by this. The rate 
converter which can change a clock frequency, corresponding respectively to 
two or more kinds of computers and video equipment which were set as a 
different clock frequency is easily programmable. The rate inverter which can 
change a ciock frequency easily, corresponding respectively to two or more 
kinds of computers and video equipment which were set as a different clock 
frequency in this way is realizable. 

[0090] Moreover, the image pick-up optical system which picturizes a 
photographic subject and the image sensor changed into an analog signal in 
response to the image pick-up light obtained from image pick-up optical 
system, An analog-to-digital-conversion means to change into a digital signal 
by sampling the analog signal acquired from an image sensor with the 
sampling frequency of the almost same value as the value of the maximum 



actuation clock frequency of an image sensor, It is programmed by the field- 
programmable gate array with a predetermined circuit from the exterior. By 
having established a rate conversion means to change into a clock frequency 
lower than the clock frequency concerned the clock frequency of the digital 
signal acquired from an analog-to-digital-conversion means The degree of 
freedom of a design of a field-programmable gate array is raised. To the field- 
programmable gate array concerned The rate converter which can change a 
clock frequency, corresponding respectively to the various computers and 
video equipment which were set as a different clock frequency can be made 
to program easily. The image pick-up equipment which can change a clock 
frequency easily, corresponding respectively to two or more kinds of 
computers and video equipment which were set as a different clock frequency 
in this way is realizable. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the 1st example of the digital 
video camera with which the rate inverter by this invention was formed. 
[Drawing 2] It is the block diagram showing the circuitry of the rate transducer 
in the rate inverter by this invention. 

[Drawing 3] It is the wave form chart with which explanation of the rise rate 
conversion in a rate converter is presented. 

[Drawing 4] It is the wave form chart with which explanation of the rise rate 
conversion in a rate converter is presented. 
[Drawing 5] It is the block diagram showing the circuitry of the 1st 
programmable register of a register front-end mold rate transducer. 
[Drawing 6] It is the block diagram showing the circuitry of the 2nd 
programmable register of a register postposing mold rate transducer. 
[Drawing 7] It is the flow chart which shows the programming procedure of 



FPGA. 

[Drawing 8] It is the block diagram showing the 2nd example of the circuitry of 
the personal computer with which the rate inverter by this invention was 
formed. 

[Drawing 9] It is the block diagram showing the circuitry of FPGA by the 2nd 
example. 

[Drawing 10] It is the block which shows the system using the digital video 
camera by other examples. 

[Drawing 1 1] It is the block diagram showing the circuitry of FPGA by other 
examples. 

[Drawing 12] It is the block diagram showing the system using FPGA by other 
examples. 

[Drawing 13] It is the block diagram showing the circuitry of the conventional 
digital video camera. 

[Drawing 14] It is the block diagram showing the circuitry of the conventional 
rate inverter. 

[Description of Notations] 

30 [ .. FPGA, 40 / .. A sampling analog / digital conversion circuit, 41 / .. The 
digital-signal-processing section, 44 / .. The 2nd rate transducer 45 / .. The 
3rd rate transducer 47 / .. A sampling digital to analog circuit 60 / .. It is a 
transformation digital low pass filter and 61 at the time of a programmable 
multiplier. / .. The 1st programmable register 62 / .. The 2nd programmable 
register 63 / Programmable timing control circuit. ] .... 31 A digital video 
camera, 86 .. A rate inverter, 32 .. 33 The 1st rate transducer, 71 



(19) 0#BfcWf (JP) 



02> & m ft I* & ?S <*> 



(ll)fttfttiH&W#^ 

#^¥10-210425 

(43) ^MB WE10¥(1998)8E7B 



(5i)int.a e mm^ F I 

H0 4N 7/01 H0 4N 7/01 Z 

5/225 5/225 Z 



BURS©* 6 OL i±UM) 



(21){UH»^ 


1$K¥9-8046 




000002185 










(22)ttiBiB 


¥f£ 9^(1997) 1E20B 




JtOjCfB.ffi/IIKrt.Bi)!! 6TB 7 #35^ 








mm sfu 








jtostif.&jiiixit.s.iiieTB 7S35#v-- 














(74)^SA 





(54) C&iHi©^] W-h^lft«BXt«Wfe«B 



(57) [£»] 

[HUB] *»BH\ U- hSjaSKSKHWSSIllCOl/' 

v<7m',&&£ y <msi/»? py^jaassicaift-rs u- k 
KK*ft^n/scT?pu'?jgift»£a»u#£ u- k 




(2) tiTIO-2 1 042 5 



yp?^y>uy-hZU*U:±ElE]S&t«lcypy^ 
ti%±IB7 s -r y * /Ufl#<0* □ y yffiSZ»£ o y 

<7^>stsc<t y tei^y ny u- 1-£ 
[sf#JS2] ±E7 , *af7 r 'f5>*;i,a»*«W\ 

±Etr>yy v^jssratf, ±Eyf->u Kypy^v 

-ricypy^syya-tu ±eu- hs^s^e»i#e 
n*±B7 s -f y * i\sm*§<D<7 a y? mzm* mm? □ y 
yjS&i&J: y ^i^plfSW'? ay ^ jaawcsftf* u 

^tois^ttfctryyy ><f®mL7*y>7v ><rtz 
cticzvyi-n <fmmcm&? % =r<< *J*ivri-n y 

±Effl^?^6^en^7 7 ^-P^fi^^. ±I3$MIX 
^S^ftf^^py^^S^filttiS'PIWS^^V^ 

y y yjB*»rc? v y y > yr % z. t. ic j: y x -f y * \\> 

ttgpfrsm^cDiHis&tfypy^ 5 >^*n*7'T-;u K 
yp Vz>^-?\\>?- b 7* U-f K±EBSg<fc«l:: 7q^7 

ns±E7= f 'T p y y Ba&ft*SRy p y 

c 

^«>e;*;I&fE? p y 9Jiam4>fl#±G?>7 l J vy« 

SMkott^sm uBidassnsc tswwtr** 

*J14KEt)W>ii<f!£Bc 

-ricypy^s yy^tu ±reu- h»»*a^s»6 
vmfom* y t^^m^cD^ py y n&KkrcB&rs u 



±e u- h £«>#i8fr e w sn^E^-f y * ;UfI^£ 
wiasi*nfe^>yy >y«a«w:/7y 

[000 1] 

[0002] «w©s-r*ft^s 

'&X<0&'ffi (EH 4) 
^W* ,t ®¥;?{ L J: a <t -T SPH 

mm*m%i?%tctt><D&® 2) 

(D nimmm (hi~H7) 
(2) m2mmm (m8RxfW9) 
o) monmm mi ost/Ei 2) 

[0 0 0 3] 

s n/c x-r ; u * ^ 5 icmm l t» 

[0004] 

^tl/cNTSC (National Television System Committ 
ee) TdiCv PAL (Phase Alternating by Line ) 7a 

SECAM (Sequential Memoi re Color Televisio 
n System) 7J^> HDTV (High Definition Televisi 
on) 73iCX«ATV (Advanced Television ) 73jtH# 

jSffl*nT33y^ ^n^njSffl^nfc^^-^L/tf^a 
>7D^0a^lc<feoT5 1 vy^yUtl'x7t-«^(D^ay'5' 

[0 0 0 5] ti^Tjfi^ ^/U^^^-f 'T-CO^SiCff 

i\ *jz iv \?iT*ti* is- swen^ x'T y-^ ;ue 

=l > tf 3.- * ^ (fx* ^Mlcffl 3 £ <!: 

[0006] iid^^ciOcfc-p^pytf^-^-^tix^ 
iiBTii> rtSPicss y 5it> ^-r s?* /u tTx^fll^y p 

Kffi*hfcx4'5'5'/i/trT f *«*©^pyyH*3fflB'«>ffl 

^-r y s ;u tr^ft p y ^ ja&iaofifc p v tra 
— ? •¥> tw^BT^46iss* nrc? p y ^ f3-,&®L<Dm 

^ICU- r-^^B*iSlti>^S*^SoT$Tt^o 
[0007] SlC^T^^lC, g.ol's.^r 



(3) 



0-2 1042 5 



4££JlI&i§LTl?JiU*CCD (Charge Coupled Devic 

e ) vftzmmm? (wt, z.t\is'(*- s J J ?t.n&) 

7Jt§*fS 1 *7'xP<?t§#$aJIgi56U:-£*.£o 

tO 0 0 8] 7 7 ^P-9'fi#5aSgP6T^ A73tfftfcit 
^thtiiS^S 1 5CDS (Correlated Double Samplin 

g) eA^LTfflBa-a^vyjy^-r^cticfcy 

f§^gB#:&li6$itiLfc&» AG C (Automatic Gain Con 
trol) 6 B€rtLTffi£Q?Y>«fco<|:3(c¥afflHtti 
U ca>&x-/p r e y 6 C^rt-LT^-f^Sy-? U 
Vv>£ffiHl-f -Settle. mS<Oy^1i<!:35:i.J:-plc«IE 

* (CCD) 5CDiftfP^n'y^^;fil!S(DISSMI;aiiflc« 

S^m^)«^S 2*7 , ^-py/T r 'l'v > ^/l/S«lHlK (A 
/D) 7lc£y*jTy&L^©#£££K±LTxVv>* 
/Ufcf T^fl^f S 3 LTx-fv^ /IHI?M3ffi 8 IC 

*©^i&-flMl|jE»lfiBJlS*Ki«jE«**ff U fr<L 

i oic&di-r^o H*(c*p<^«*»aiaBi9fctts * 

[0 0 09] b- l-SMIl 0t*. xl'v^/l/ex* 
[0 0 10] tf-r»-l>=l-3M 1 f*, x'T^/Utfx 

*fl»s 5=&x>u- KLfc& -fy*- "7 x-rx (i 

/F) 1 2^LTM-g|5lcttJ^-r§<!:«li:, xVS?*/!/ 
/Ti-W?mk&®x (D/A) 13i, P-/\°X7'T;l/ 

* (LPF) 1 4<t*Hi^LT7'^-P'?'tf7 : >J-fi^S 

[0 0 1 1] E^lCx-f^JUfciWft;*^ 1 TH*. -> 
Xxi*=l> hP-5 1 5 6^gP6^<7)$iJiail!:»^Tx 

'T->^/Mi^sgP8^swr^i«ic> igagpi 6^ 

^/l/fcfx**;*-? 1 TH*x S-f-^UVr-P-^l 7 
tffl.gMfS» en^^fi^ S 9 icPiSfl* -t*/c* <f 5 v 
^MS1 0££/&LTCtt£7Vi>'*/l/{f^«lJSIgP8 

[0 0 12] fr< LTf-f^il/eft*^^ 1 t*. fll 



i^ttm^s 4©-57P»y^^?a»<Dfii^=ivtfa— ? 

TBS*tifc * p y * JgaS^Blc^^ LTSJ73 U#5 
[0013] d^TEII 4 (CjjVT <fc -5 U-r-SJISS 

si ou\ ji^v «»B$gSx^*/i/P-/\"X7'Oi> 

* 2 0(0A7Jffl'JX«ai7JffliJ^^-r+l^— Tatcm 1 Xt*8l 

2 <r> u->x* 2 1 x« 2 2 A^tten, * f s ><?$m 

□ f b fcic»-3^TflWBSfcSl7 s -f i^Jl'n 

-/^^-fMZOMs Sg1Xl*Sg2<Z>Uv>X*2 1 
XI* 2 2 iC^ft^ftlftfE ? P V O KJS U /cST 1 ~m 3 CD 
■WHWWflWS 1 5~S 1 7^^LT)MtiJ-r§il<!:lc 

j:»a mmmmmmmT<<*s*i\'Ci-/ix7-<ii>z 2 0 

SO\ mi X«Sfl2CDUv>'7.* 2 1 XI* 2 2fC«feOT» 

f bK£&Ui£<fc5K&z!r*lTl^o 
[0 0 14] &33U-r^&gB1 01*. a— tf#S€> 

®® or&*?-5v x-rv'^^ut^^^^ 1 ^etB7D* 

♦lix-f^/Hf^Ji-OTS 6tCJSU/ciii«) tf>x\y>? 
CD->-\»-yS-©^tMCl5CT, 2 1 

ffi»^S7 :f 'f v >, */l/P-/^ - 7-f/l/$ 2 0<DA73ffllJlC 
I8ttS*l/cU^X*ituBI*U- r-S&^B* Xt*H*2<*> 
US>** 2 2jb^K^B$^x'Tv > '-J';UP-/\°X7'1' 

[0 0 15] 

[5?B^fl?;*L J:? <fr^iSM] <!: ' ^5. Tfr 6^*1^0) 
x-f ^/UtfT 5 **/^ 1 Tl*^ U- r-££gB1 01C 

[0 0 16] nMc©*?^-^/^^^ 
^ 1 i*x isss-n/c^p^^^j^roiBft^n^ns^ 

^>1SS!(a!«(D P V tf a.- •¥> t'xTj-^B ic x'T /U tf 

t'x^Bo^ p-y ^jn^^stiii L:g5S^7*-n 
[0017] sfciio.t^sf'f^/i'trf^s^Ti 
s s^m&r^tdto^WLT-i v^^T^-h*^ 1 <t> 



(4) 



tifctcoTv s&&?py*^;&aicta;££n/c*sa@ 
m<D p > tra- * * ex^sic ^nfiass * n y 

[0 0 18] 

h7'u*ic3KEtt££te*p^5>?«r*u_7 T *-n 

p «y ? jR2a&« SK* a *J> * JH»» «fc »J *»ftt % * D7f 
[0 0 19] *fc»2 0»Wlca5t'»TW:» 

u vmciicj; y y-f y^/wi^i^jft-rsT'^-p 
•Tx-r s?* ius»#«i % sm^roiussft^p 7 

5 5 tl*7'T-il/ H '^P f^-JHtf- V T\s4 
icSKIslSS.httlc^P ^5 5 >«n, T'^-P^^'Tv' 

am* a«*py^H»»J: y t»ei» % * p v * 

[0 0 2 0] SfOtllCiTOt Z'^P^x'f^^ 

jg»a<fc y *><sv* p y ? jhshswesw** a k l/c 

S^BfE* P V * JH jftttWTOlWE* P * JBSHRTtt 
flFTfcJ^fcSlfr&SE&fc^P^S 

^ttj&CT^p^/ij&a^fcUt^u- 

[0 02 1] *fcJB2©«WTtt» «M»)tt**^6»6 

in ufflto-y > 7 y > f '«38»t '-y > r y v % c £ ic 



s^e *i« x-f ;Hg#a> * □ y niK 
a* sis? p v * j^a* y tet^ p w 
&t 3 KLfc tilery, yf-iupyavw-f 

jl/Kypy^-^/l/y- HT'H'Ks Kft^PW^JS 
[0 0 2 2] 

[0 0 2 3] (1) mi*«6fli 

T^p'y^^sa^^f^mi rou- h^sss§3 2# 
FPGA<tn?^) 3 3icyp-?va>^*nT^en 

[0 024] t(Dl^f'1'^/l'^A^7 3 OT 

w.^tofrzmx?%mmft l a 2 * uvx^py 

g|53 5(DU>X3 6ts T'-f yX3 7t*«3WlLT«9 

tut 74.25 cmhz] aaio^py^Mittrawrr*- 

HDTVfflC0CCDT^L'r^-v > '-\ , 3 8lC§ttT«¥ 

7±P-?'«^i!aSgP3 9lC^«o 

[0 0 2 5] Ti-a^m^mm^3 A7D*n/i: 
«^t±i73fS# S20?CDS39A^ LTfflK^fi-y 

>yy v^-r^ct^^yfi^gp^^tBtfcm. a 
GC 3 9 B*ttLTmj£<7>y > 'f vtt^^icwwww 
U C«Mlz-/p r e y 3 9 C^LT^ t3«y^ 

iEts T*-5lCC©*P-/tX7-1';U^3 9 0*frLT-< 
PC-,^ (CCD) 3 S^iftfF^P'V^Jll^aOTPgW^ 

aatc»r «?j^.«'37 cMHz)_g 

2 1 ^-U- hf^I3 1 ©■y>^y>-7'7'^-P'7V7 ; ' 
-f-^/USJftiaK W>7'JV^A/D) 4 0tc2Sffi-r 

So 

[0 0 2 6] Cl<DJi^+t>y i J>-?"7'^P^/T- , 'rv i ^ 
;l/^}g|n]iS4 01*. -fy-^-V (CCD) 3 8<D»fP^ 
P'X7jg-»Sg{lCj5L;T. &fS<DF PGA 3 3lC^P-7'^ 

sAK (CKOmi SUSWITB 74.25 (MHz) SIS) <tli 

hid >yy v^sataw >yy v^r* «t 

3lCiSS*nT^?>o Cl*llCj:yFPGA3 3^ ^46 

p jg>aaTBjfF"r ^ t t3^inffi6 ,! Sd&ic7 , P'?75 



(5) 
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y<? U#£ <fc r> tc4£ tiTl^^o 
[0 0 2 7] yyzfV Z/VT1-W?/ : r<< s JW£$k& 
SS4 Oli, A^**X/cJi<8!lii*l<f*§S 2 1 £ 74.25 CM 

hz) mm<DV>zf i J>7®%i&.T°y>7ij><?L. & 

< LTifSft^x-T^/Ulfx:*^ S 224FPGA 

3 3 izzfuy? s z/mMtT* i>^/i/ft^sassP4 1 
<*>m i rou- h£&s§3 2 tcijitij-r^„ 

[0 0 2 8] ^1(DU-h-^»Si3 2t*. A^tl/cx 
-TS^f/HfT^i-WS 2 205 74.25 [MHz) mm?* 

ICfcHt^A&iBSSft/cmtf'IS (MHz) HSffc* 
lttf1^7Py-7JS>J&&<!:|5li:i 8 [MHz) W&O'PUV 
^figac^VU-h^giU MiRttStlfcl 8 [M 

hz) mm?ftz<7av?m",m<DT*i?$)i>e : r*m 

*§S 2 3£rt*7<f^fiiiE4&JIlE)S&4 2 KjMSii-r^,, 
[0 0 2 9] *^7«^tfiEjiaSlH]^4 2t*, A7J**l 
fcx-f S^/UfcTr^flWS 2 3 (cttLT yffiiE^ Sfe<h 

t/i!iiSt*|5f6*iIElf:&lltTU ftKltiSSnSf'T^ 
/l/tTxtffl^S 2 44trn>3-^4 3^LTl 
>P- K LTS 2 &t/% 3 £> U— h£«!g4 4&IM 5 

[0 0 3 0] CET»sr*2©U- h^SSS§4 4fi. A 
7J**lfc7 r -rv f ^;Hf7 ; ^#S2 4©18 (MHz) 8 
■JKT**^n'>^HafflR*» DT8W&C513.5 (MHz) 

$5*1*13.5 (MHz) ifT'SS^Py^MS!©? 

[003 1] *rc*3©U-ha»»4 5«, A7J*tl 
/fc7 s -f5**/H£7 s *fl»S2 4©18 (MHz) fflBTft 

«??ttHS£ftfc0!i*.a 135 (mhz) wmneay 
cmhz) 8OTft«*ay?M&R«>7 : 'rs?4ji'£7 s 

ESS (+f>yy>^D/A) 4 7lCj£tb?-*. 

[0032] it>ruvf p 7 !f 'r^/u/7'^-p^6««g 

SS4 7te, *3 0>U-h£ftli4 5#7">yL'-l«X& 

r«&eic7ttR£«nfcs*?a , j'?MaKR (com 
mawwTtt 135 (mhz) sjs) tKismuHsoit 
>y y >^/B»»w>r y * 3 ICISS* tlT 

*/-=«3<OU-hffigS«4 5*^46ia3E*n7j:a 
saJ-XTTift^-r 5 «fe -5 4 saw g ES K 7°P -T^ 5 > L 

[0033] w^jxrw;* ju/7**-a?miBi 

S84 7W\ FPGA3 3<DttVU:ttte<!rtl$7 , ?-n?tf 



7**^<7>^4&Kj£*ftfc0IJ*.Wr 135 (MHz) gjgtf) 

§* * p y * ra&aofii £ n Mi©* v y y > ?n%tt 

7 r -f5?*;l/tr7 r *«^S2 6« 135 (MHz) fiJg©-* 
V 7 y V^MXRTV >7"'J >^ LTT'^- P * \£r*m 
^S2 7lC£JftU □-/U7'f^4 8lCjMtB-r*„ 

[0 0 3 4] P-/W7'f/^4 8tt, S3WU-H 
8t«4 5 (c^ttSjetrtir&SA^ny^MiftCkORIM 
i«WC»T*»*«a«HWJ (67.5 (MHz) @Jg) J-X 
±^nU fr< LT7- ^X^-Ti/aviCiSttlLW 

[003 5] CCTC^-JSx'r^/l/tftA^^ 

3 0 (Cfcl^T FPGA33«, ftflS4>0!l3.tf/t-y *-JU 

^-;l/P>tfa-^-<>-J?-7X-<X (/<V3VI/F) 

4 9^LTf5^7P^75>7'fi§S 3 OlcS-3 

[0 0 3 6] C©J§£F PG A 3 3 Kte, tVS^/HI 
^5QSg|?4 1 lCjJD*.T->:*-7 1 I*=)> t>P-7 5 o&u-'* 
-f S>^S?X*U-< 9 5 1 t,7P^5>^nTS 

»^T7 s -ri'*;ufli*«3saJ4 1 *mw*-*4:*ic» 

lEibgps 2«M»r3C&(c£tl£BUBIHIS5 2#u> 
X7P7 -7 3 5 0)7*- UXBMT* V MWT*. 
[0 0 3 7] SfcF PG A 3 3TB, ^-fSV^Vh 
p-5 5 1 fWflUf6fV6n«nMMI9S 3 i icmmz 
*Mfc*-f 5 >?4WS 3 2^^figLTCn^7 r fv'^yU 

flwsraaw 1 atf-c 8[caiffi-r*. 6 s < l 

Tf<f -?9jHI«J0MM 1 SIM"*— 5**3 8tt, * 
tlfftAfctfftfc** 5V?A?S 3 2<0^'T5>^lc 
EMSLTBlfFr*. H*lCFPGA3 3ti:l$« RAM 

(Random Access Memory) St/ROM (Read Only Memo 
ry) »74i^*'J 5 3tfStt&tlT£»K SK^t 1 ) 

5 3 Bi&sicjs ciT-f^j ns#jayi icffl i"» e ns. 

[0 0 3 8] Z.Z.?m2iC7jxT£?lC. U-h^BSSB 
3 1fl)»1©l/-h«»B3 2(4, F PGA 3 31C7P 

= >^*nTt"* ciicty, jgsgtc^uTB^p 

[0 0 3 9] CO £54311 C0U- hXttS3 2 

T'»s 7P7~7 77) HmWWBBf-f ^^P-/U7 

6 o©A*«xw:m*«of rn**— i x 

l*M2(D7 p P-?' : 7^7";UUv ; X^6 1X«6 2#fStt£ 
tU * 5 IC 7°P 7*777)W<5 7 ^»J»ls»S 6 3tff 
< 5?$jUfcf7*4-e?S 2 2<D^B0<D^P , ^7^;fiaf 
ct, SiftO^Dy^lSsftRf dtlcS^Typ^ 
777/1/«RSMt^ 5^*/UP-/<X7-f IU4« 6 OR 
*A SI Xl*S2<D7 p P'? ; 7^y;UUv''X^ 6 1 Rt*6 
2 ttm.Vtl<»mft<7 Py ❖ ICJC U7t* 1 ~* 3 <D»flP 
t«WI*S 3 5~S 3 7^mLTvtmT^o cnicj; 



(6) 
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S^tCF PGA 3 3(C^P-^ : 55>^S-tl/cS2SW : m 

3 <0 U- K £&S§ 4 4 RtM 5 t,±5$ Lfcfg 1 <D U- h 

[0 0 4 0] CCTmi~*3©U-hS»S3 2&tf 

4 4 mihc 4 5 tca&i^T*fr* * □ y * niftttax 

£4)83*193 (A) ~E4 (D) iCjgtT. 

[0041] rftfc-fesrA^sn*^ -^^/utx* 

f o = LCM (f e. f g) 
[0 0 4 3] T8&lx«£3&«<h&ffift<D?cr>?JH 

UTTS (H3 (B) ) „ 
[0 0 4 4] CfttCfcU 7*-<5?*;Utr7 ? *fll^©««W 

4 (a) ) t\ jBa*mttii*©**tc«/j\ss««©^ 

(B) ) o 

[0 0 4 5] *l*W>7'J >^SlC*^Ts «'Jn 
□ y ?J3;£3& f o (Dl5lZ¥ft<D? P V ? JSl& 
&P£K^&^>?py?J3;&R f g 

SSffttW^P'i'fSMf gltjffy 

Ko=fo/f e 

[0049] T-srrcttfT^twic, &nv>zfij 

Ks-fg/fo 

[00 5 1] T*«? C<htfT*#s fr< LT^yyU- h 
^»!lCfcHt^>^}S!lS*K«^ (4) 

K = KoKs = fg/f e 

[0 0 5 3] T«-TJ!:<t« 5 T*5o 
[0 0 5 4] *fcA**tl*5 s 'f5'*/l/tr7 r *«*©^ 
□ 7^ JS&IBf* ^^P7^SMJ: U tffil^ p y * 

(a) ^em3 (o ic^-r 7 7 >yyis-\*m&<Dm-&£ 
mmimmTztmc m^T*-^-nvyzf<) ><? 
L/cffiaoff -9- > 7 y > ^mwj 4 ssjftflMo * n y * »» ' 
was ufciw- v ? y > &o\zf&\i*vyzf 

[0 0 5 5] &£Sfn~Sg3(7)U-hg8i!f§3 2M4 
4MT>'IC4 5 (C£l^T*M(tt:li* 7|--/\"-ff+^>^U> 
? «BSr & £ £ lc J: y 1 yf'JXfiz 

fctt* r^j JfA©mro#Sit^«iBSL. 7p^7^I/ 
^ftBtSSx'r i> * /UP -/ \°X 7< 6 0 4>»jfF? P 



*ft^ (1213 (A) ) (C**LT> SMro^D'^^ 
(1) 

[0 04 2] 
[»1] 

(1) 

^ICjjyfflJEET* (1213 (C) &tfl2l4 (C) ) . 

[0 0 4 6] m^T*-i%-mvyy*jyv\,rdt$®.v> 
nv-yzfoy 6 * p y * /n%et f g ias 
ufcs-y-v^y v^wr* 5101331* -?>yy ><? 

*«*«Wtt*«*i»«i*LT7 , yru- h^-rsc 

fctfT** (03 (D) RtfE4 (D) ) . 
[0 04 7] HWC7yyi/- h£lftT'«* ^bOW? 

□y^nadKf cni?Eift«©^py^«a»f 

g £<^/JxaeR<D*ay*JB»tt f o 

>^y>^r*«^» mmx-Jt-nvyyv yvnm 

?KoSH (2) 
[0048] 
[R2] 

(2) 

[0 0 5 0] 
[R3] 

(3) 

[0 0 5 2] 
[R4] 

(4) 

^m&xit?'5yi<-y-&Wi*mfi-tz>£oicrzznT 

ffi<D<7ay?mm<v>&-y-yzf t jy<f£.m*mm?z>z. 
t ic y =y K^&tu co-> p y ^ iiaia^ t 7 y r u- h ^ 

^^-txTt^o S^lCCCDii^Sl ~S3 0U-h^SS 
S3 2Stf4 4ll£0 : lC4 5t*> l^(*?.7|--/^-B-y-> 

yy y?'femK o®<D&mmz.0mmmcmt?z> u 

[0 0 5 6] ilC:Tmi~m3tDU-h^S3 2Stf 
4 4MOIC4 51*, **tf*tia— tffi^StrPR (f^fc 

^;l/t^7|-ft^S2 5ici5u:/c@i®) ©i7v>'fl)->V- 



(7) 
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[0 0 5 7] £Z.Tm5lZ7rs?£?tC. wMM 

LTv ~>7his*sx?*mm?zm&<Dwm®s& (Re 

g) 6 5 A~6 5 E#lC*tt^n7 p P?7^'"7Vl'-5''r £ 
>^tfJ8Pls]S&6 3 ^6A^J*n«S2CDiJ)fF*'Jffll«#S 

si6 6 a~6 6 Emttn^tmifc-Tz-yaw 
UDW^-r 5 c <t k J: y ta73 s>* /m*§- s4o«4 

[0 0 5 8] 0^U:&1 CD7P?*5V:?;UUv> , 7 > 'St6 1 
Tte, TV?l>- Vmm, &JI5iE]S&6 5A~6 5E 

^n^nA73*ti*m20)i!jfp*jffl)ffl^s 3 e\zms 

Vit. ^VU-h^JS^ &>IS£|h1S§6 5A~6 5E 

*^n ; enA7j5'n^m2tDi!)ffSijfflifi^s 3 6izm-? 

[0 0 5 9] Sfcl2]6lC^-rj;5lC, b^X-S^gS U 
- h S^SlCiSlt 6. ft*Jg 2 CD 7P ^7 ^? Ui>3. * 
6 2ti, Aft^tt^TVi^UtiT^tfl^S 2 2(CftL 
T\ *g$S[CD^fifS6 8 A~6 8 EttK^ft^tlttJfc-rS 

*m®t<Dmm\B\&6 9 a~6 9 Esic^-tveft^p-?^ 

^?'/l/*-f 5 > ?1iJ'<W[hJSS6 3 6A73* *l£S£ 3 CDS) 
«*J»fl»S 3 7 lcS^UTm^C0fl#P^^#X.T«lif 
C0*DS8S7 0 A~ 7 0 D JCOTJ)D»^-r ^Sd tic* 

S 2 3 ^jMStJ Uf £ <£ -5 tC&£ttTl^<> 
[0 0 6 0] H^lcc:<DJ:-5^m2coyp^5^^;Hx 
•^6 2T'tt, 777U-h»> &ii»gg6 8A 

~6 8 Ei^nfnwist *7<f/i/*ffi»*» mjswc 

[0061] liLtCDtMEBlCfc^T, x-rs^nfx*-* 
3 FPGA3 3CD(HSStfyaMFPGA3 3 

ic^* n/fc^SPcowi^. tf / i- v 3 > fcf IL- * ic <fc 

[0 0 6 2] -r^t>-&CCD«-&a-+f<)V\°-V^l'=l> 
tfi- £ £JtfF LTmScDE^^P 5 > -7" V 7 h 1? 

—* Itm 7 {CTjkt F P G A 3 3 <0?U 5 Xft&m^ 



MRT1 fcHa&LTT.T^^'S P 1 frSxyj/7S P 2 

isisxT^ys p 2ic*s^T3.-+ficj:y/\- 

LTx U-h£&g§3 1CDSncDU<-h2?&gg3 2 
(RO'X«m2aU ; ^3CDU- h£&S§4 450=4 5) 
<DA73/ttJ 73 IC 351-t 0 P y 1 TO»CD£&J± #A7J ^ 

[0 0 6 3] ^L>T/\°-V7-;U=l>tfa-^ti, 7r7 

:/s p 3icit^ iL-mz&vmmoiLvwsv-? 
■zoym-aiHcizvTn i cdu- ks«sS3 2 (si>x« 
m2su : m3CDb-h^«isi4 4aa t 4 5) icst-rs^ 

46ISST*-nfc^J^ 1 #6 9 $TCD£ «> It— S» CO 5 

^-st*. i K#LT^«'2<@cD*y:^cD < £5&m 

[0 0 6 4] 85t>TXf77S P4lCfc^Tx Sf/i- 

vi-ii/ziyej.-'SiitD.—inc&ytivzfT-ZtLT 

1 ~4^A7D^n/i:/)^6^*'JBiLx 

« iiS^< ^t77"S P 5 IC331^TA73* W:/^- 

^ ic^-rs^ y yttjBSttwwi^*^ tww lt, m i 
co^p-7" ; 7^7';uuv ! x^6 1 ■zm'fctzz.tK&v u 

[0 0 6 5] — 75, /<-V^-/l/3>tfa— 5»l*s Xt 1 ^ 
^SP41CJ3^Ts g^^^#^<t!gS<X7 ;, >yS P 

^l^fJ8ffLTm2C0^ , P^?^;l/Uv > X-Jf 6 2^S 
[0 0 6 6] CCO^/\°-V^U=I>t°IL— iS^<X 

[0 0 6 7] y^-;un>bfa.— xf7 

saticj^u/cmsco^p^sv^ft^s 3 o«si 

L> aKifigLfc^P^-V^fl^S 3 Ofcx-f v 1 '^ 
;Utf x**^ 5 30C0FPGA33 \Z.m&?%> Z. £ (C J: 
y F P G A 3 3 (C U- h^SSIf 3 2 SO-' 4 4M0 : lC 
4 5S709"7?> ^fl^ S 3 0 ^^:S•3•^^T yP -7 7 5 

yy-fZo fr< LT/\°-y7-yup>t°a— $f«i5<x5 1 

77SP9 iCfcl^T F P G A 3 3 CO^P 9=? 5 >^SaS 
^(iRT 1 

[0 0 6 8] ^OTCO<fc3lcLT7 r -<>>-Si;Ut:W* 
^530CDFPGA3 31C. M 1 ~^3 C0U- 
3 3M4 4MWC4 5^yP^ = y^-T§«t:^lcL 

tcctiz&v. M$v>T-<~? / ?>\'\±T*t>* : 7 3 o^e 

N T S C PAL ^HC0Sa* 5 - 1> M 'J 3 > 
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iCx ^n^nm-r * ^07^ js&»© x-y ;u tr^ 
*<i^s 2 5MS2 7*&t)?zzttfV'£. asf 
-ry^/utx^Ay^ 3 oic»-r*«t^#«iRj±T*--t+ 

[0 0 6 9] CftlCfiD*TC©7^^*;Ulf xtffc.?^ 
3 0T* ^glC/SL;Tmi~m3CDU-h^85S3 2 
&tf4 4tttf(C4 5«*-0>$ftlt«€£ELT7P?7 

TTt-h*^ 3 0G)isiffi«i^fS^ic-r*c:<t^T'** o 

[0 0 7 0] Sfcx-T -^l/tr^**^ 3 OTIt F 

p g a 3 3 (DAJimftmtto^&Wimz ntcmxmtt 
1 □ y <7 m^mt m amv >y<j> 7mtm?v- > zr 

'JV^-rsu-h^SB3 1 a>y>zfW><m-a? 

F P G A 3 3 Kg*®)fE<7 UV ?MI;fi»i.XT©IbfF 
-J7 p y ? jf;£&TfWr 5 J: 5 &ESg£ S A 7P ? 
~><f?2> CttfTZZ,, atOTF PGA 3 3©i2ff© 

* n%ft(cK£« ft/fcWfiWiSi© =i > * ^ \d7* 
[0071] z.n\^m^T9-<~J^)^^^t)^3 3 o 

T'fcJu F P G A 3 3 ©Iti7]ffltttftt:*-4>?ttlft£«ft/i: 
•TclftfF* p y * JB*»«fc U *> Kit)%£<Dfia<D? > 7 y 

/7*^P^a»0«|4 7*«W-*tft(C» skfpga 
3 3 oa^jffijrtBPtC c <D»*»f** P y 7jn»ft «»: y t> 

©U-h2£&2f4 5£iS*7S<fc3U:LfcC<!:(i:J:y, Ma 
8SF PGA 3 3 tE«*B&«5? P y ? M&ftlXTOttft v 

p y ^ jaa»T*irr * * 5 * ebs* e * (c y p y ? s 

[007 2] J-X±W«figlc J:*iHf % F P G A 3 3 <OKf} 
Vmmz.fSLVZtltcW&F PGA 3 3®?ttia£;)mfc 

w > y 1 j y $r* * * > y y > <?7 i- a y/ 74 s J* 1 u 

£»Ih]8&4 0 <t> FPGA3 3£DA73fiJrtS|5(C7 p P'7 : 7 

5 >^*ftfc«*iM^^ ay ❖/B«»t p y 

3 2t3^6ft*U-ha«*H3 1 *Wt*«fe5fCLfc 
cticty, F PGA 3 3<©18H-<De*Jg^rS)±*1* 

t, »ft**p';>*«»Rfc»jt*ftfc«ra«si©:iv 
ea.-**tf7**Miu:*ft*nfcUT*ay*/s»ft 



*a»L»*u-ha»s*8aicrp^5 5v^*« 

[0073] SfeiMHitf]A*S2 1 FPGA33 
^c^it^T?46iSS^nfc^i!Iff^P , y'7^;ft»©^B<!: 

cfia<D*t > y y > ?ja»i)rF? >7u>^Ux 

u9/T4 a J*lWUSl!B&liA0t.s SKFPGA3 31C 
yp^5V^*nfc, t4*J&I\'VZt*MS 2 2(0 
7PyfS»tt«^7Vl/- ^S^-TS^I 05 U- h2E 
8tS3 2&«Kl*«J:9lcifcC<!:(CJ:»Js FPGA3 
3 ©ISit©£a flrSfiLttfHiTiSRF P G A 3 3 Kflfc 
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1 tf^p-y^sy^nSo 

[0 0 7 7] ddTdCD^^lcLT^P^^SV^^tl 
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•fX? 6-£>fl-gPl31f£SE7 7 icfsti3--t!\ ? 
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»5I/\*3.7 5<»:A , X'r>*-7l'|':*|I]Sg8 5£|li 

- h^»SB8 6ic«, x-r^^/ue^m^s 6o# 

tV *J$)\s\tl<< -7I-C * 8 7 £rt LTA73* ft 
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y^;USSSl2lK8 8*7>lT 7 VS'9Jl'£7**flreS 6 

[0 0 8 0] CftKJ:yU-fS»8I8 6l4, SI? 
-**KVtL1tV* X»7-;UhV^ U^LTfflfSn 
SrV^'^t'J 9 0*iESBtC(6i;Tfflt\ frO^P 

■f^*/Hfx*«#S 6 O&tfS 6 2<D<7av?m : ,m 
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*lRl±*«C4:tf1 , *5. 
[0 0 8 4] *fc±a©JR 1 XttM(C£t^T»s F P G 
A3 3ltS1~S3(OU- hZMS3 3atf4 4.M0 ! K 

4 5 <d 3 fa© u- hg&ss* 7p = ><rr * £ 5 k 

Steffi UT 3 fflWtTXtt 3 f@J.X±<0 U- h ^ftSI^ Zf a 

-7^5>-7"-rs<t«ic, yp^svytDffiHt.*^^ 
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<K) <*: -5 ic d ro^a^ cDffiEK ^ P ~ % J: 3 
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[0086] 6ic±aicOJfl 1 ie«te#sjic fei^B, U- 

^n%R« t D1ffittCD13.5 CM Hz] ffltt, 7-7X 
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Hz) wz£izz>&?icLtcm-£te'o^Tm'<rci3\ * 
f«B^t*c:*iicK6-r. x<v ; ^;Hi^fiaaHi54 1 rtguw 

DTVIIT'teS*n/-i:27 CM Hz) ^a^l/ff 
rTKJE*ftfc36 CM Hz) gjg, ATVf(DSl*7 

-5 i ue3;a>3&az»ia3e*ft/-c»a^py^«*«w 
<d * 3 ic c ajftea^ © ^ p •> ^7 nasckcoflKcxttr « <t 

[0 0 8 7] *5»C±a5<omiHfifiC!llCfct>T«. FP 
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[0 0 8 9] 
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Hzu-nca^Kiff^py^^iaj-xT^Bj^p 

V * HiSTW S <fc 5 & 0Sg£ g ffc K 7p 5 > 
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□ > tf a- -st •£> tr^siiic ^-ti^tus ct* p •> * 
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■r^a^sg^i^ a^?3b x 6>^6n*7'^p-7«#* 
a*t!j?t?©g*»fi^ p v stfra cmo> 

ttSPfr S 7 Y - J U K 7n 4^ T 7/ U*- h 7* U-f icp/r^ 
©SK-httlcyP^Hyy^tU 7 , ^Py7 r 'Tv f ^;l/ 
5 ft* x -f *J* ltfg^0)<7 p V * mte&. 
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[0 1 ] j:^ u- hSje^sfc^ten/c^Y 

;U tTx* * y 5 1 SI)5SC<J^^-r ?p y ❖ UTS 
[0 2] *#§WKJ;3U-h&JaiSglc£tt£U-b£ 

[03] \s-y-m&mz35V%Tvyis-vw&<Dim 
ic«-r«;ffim0T^^o 

[05] Uv^BuBiau- h^eisgofti toyp^5 
^? 7~;l/U ^ ©0K«i^^-r ^'P V ❖ 

[06] Uv ; X-?^gSU-h^SCDft2(D^Py5 
^7 v^X ^ <7)lsl^«fi)c^^-r ^ P -7 
[07] F PG ACoya^f^-Xfmmm^yriTyn 

[08] *^(c<j:^u- h^giwen/c/N 1 - 
y ^-;u=i > <j)\smmmoy% 2 mtm*mr ?'p 

[09] M2l|]5SfflJlC<J:^F PGA(D0K«fiE^-r^ 

[01 0] ^(D^Mm^^^'J^I^^-h^^^: 
m ^ fc -> X t 1 A *g*T ^ P % > X 5 ^ So 
[01 13 ffiO^nSfyijiCdcoF PGA^)0»fg^^T 

[01 2] ^WH^JlC^SFPGA^fflf/ci/XxA 
^t7P7^0T$5. 
[013] ^5K©^^-9;Uki^*P<7CD0S«im« 

[01 4] ^S5£DU-haE»!gB<DlH]ffi^^-r^P 

[^^©itt^] 

3 0 x-f^^UtfT***^^, 3K 8 6 U- 

h^^B> 3 2 Sg1 <*>U- l-a&3^ 3 3, 7 1 

F PGA> 4 0 ^y^'-IV^tP^/f-fv* 

£/|/£»[H]S&s 4 1 x'rv>^;l/«^5aSSP> 4 4 - 

•S2CDU-h^SSg. 4 5 M3(7)U-hS»!S. 

4 7 ■y>ZfV>7 : r-<i?Zll'/7i-Cl?'&misl3&. 

6 0 yp-?^v^u«sa^SJ7 :r -i'i>^yup-/\'7. 
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